We present a systematic study of the magnetic proximity effect in Pt, depending on the magnetic moment and anisotropy of adjacent metallic ferromagnets. Element-selective x-ray resonant magnetic reflectivity measurements at the Pt absorption edge (11565 eV) are carried out to investigate the spin polarization of Pt in Pt/Co1-xFex bilayers. We observe the largest magnetic moment of (0.72 ± 0.03) µB per spin polarized Pt atom in Pt/Co33Fe67, following the Slater-Pauling curve of magnetic moments in Co-Fe alloys. In general, a clear linear dependence is observed between the Pt moment and the moment of the adjacent ferromagnet. Further, we study the magnetic anisotropy of the magnetized Pt which clearly adopts the magnetic anisotropy of the ferromagnet below. This is depicted for Pt on Fe(001) and on Co50Fe50(001), which have a 45
The spin polarization of a nominally paramagnetic material generated by the exchange interaction of an adjacent ferro-or ferrimagnetic material, is called magnetic proximity effect (MPE). It is most famous in Pt, which is almost ferromagnetic following the Stoner criterion description [1] . The MPE is a key element in spintronics [2] and spin caloritronics [3] , since additional effects can contribute when Pt is employed as a spin current detector. For example, an additional proximity-induced anomalous Nernst effect can occur in spin Seebeck effect experiments [4] [5] [6] . Furthermore, the proximity-induced anisotropic magnetoresistance can hamper spin Hall magnetoresistance studies [7] .
In normal metal (NM)/ferromagnet (FM) bilayer systems, the conductivity of the FM affects the MPE in the NM, as recently systematically investigated by examining the transition from FM metal (FMM) to FM insulator (FMI), using various oxygen content in Pt/NiFe 2 O x bilayers [6] . No MPE in Pt could be found except for the metallic Pt/Ni 33 Fe 67 case without any oxygen. Although the MPE varies for different material combinations (e.g. FMIs vs. FMMs), general systematic studies of the MPE dependence on material parameters within one class of material are quite rare. The two most important properties of magnetic materials are the magnetic moment and the magnetic anisotropy. Therefore, in this work we systematically investigate the MPE dependence on the FM moment and FM anisotropy in NM/FMM systems.
One way to investigate the MPE is to use x-ray magnetic circular dichroism (XMCD), allowing to extract the absolute magnetic moment per atom of each element [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . A much younger technique to investigate the magnetic properties of layer systems with element-and depth-sensitivity, is x-ray resonant magnetic reflectivity (XRMR) that is based on the spin-dependent interference of light reflected from the interfaces in the system [22] . This method even detects magnetic moments at buried interfaces for thicker layers [23] , when XMCD is not sensitive anymore. In previous studies, we investigated the spin polarization in Pt of Pt/NiFe 2 O x (4 ≥ x ≥ 0) bilayers [6, 23, 24] , in order to evaluate the proximity-induced contributions to the inverse spin Hall and anomalous Nernst voltages, while studying the transport phenomena on the samples [6, 25] . In addition, we examined Pt/FMM bilayers providing information about the spatial distribution of the spin polarization of Pt, across the interface to a FMM [23, 24, 26] .
In this work, we investigate the induced spin polarization in Pt on top of a class of material that changes the magnetic moment and anisotropy systematically with its content. This material is Co 1-x Fe x with a maximum magnetic moment for Co 33 Fe 67 and differently oriented magnetic anisotropy depending on the Fe content. We use XRMR to extract the Pt magnetic moments and compare the results with the magnetic moment for the Co 1-x Fe x layers. In addition, we detect XRMR magnetic field loops to study the magnetic anisotropy solely in the spin-polarized Pt and to compare to magnetic field loops of the Co 1-x Fe x layer, collected via magnetooptic Kerr effect (MOKE). For both strength of magnetic moment and magnetic anisotropy, we find a clear correlation between the spin polarized Pt and the FMM below.
We fabricated Pt/Co 1-x Fe x bilayers with x = 0.00, 0.15, 0.30, 0.50, 0.67, 1.00, by dc magnetron sputter deposition on top of (001)-oriented MgO substrates at room temperature (RT). The FMM layers were prepared with and without Pt in-situ deposited on top, by covering one FMM layer with a mask. The Ar pressure during the deposition for both Co 1-x Fe x and Pt layers was equal to 2 · 10 −3 mbar and the base pressure of the chamber was 3 · 10 −9 mbar. The appropriate sputter parameters were adjusted after evaluating the x-ray fluorescence spectra to achieve the desired composition.
The XRMR and XMCD measurements were carried out at the resonant scattering and diffraction beamline P09 of the third generation synchrotron PETRA III at DESY (Hamburg, Germany) [27] . A fundamental theoretical background behind XRMR includes the determination of the magnetooptic parameters ∆δ and ∆β which correspond to the magnetic change of the dispersion δ and absorption β coefficients, respectively, of the investigated material exposed to x-rays of the element's absorption energy. In our case, the x-ray reflectivity (XRR) I ± for left and right circularly polarized light, respectively, was detected off resonance (11465 eV) and at resonance at the L 3 absorption edge of Pt (11565 eV), switching fast the helicity of incident circular polarization [27] . Afterwards, the XRMR asymmetry ratio ∆I = I+−I− I++I− was calculated and the magnetic moment per Pt atom extracted using a spin depth profile model that results in a simulated asymmetry ratio fitting the experimental data. Further details of the XRMR technique, experiment, data processing, and fitting can be found in the Supplemental Material [28] (Chap. I). The XMCD spectrum was collected using an energy dispersive silicon drift detector synchronized with the piezo-actuators underneath the phase plates, allowing for the fluorescent photons for left and right circular polarized incident light to be counted separately at every point of the scan. In order to investigate the magnetic anisotropy of the spin polarized Pt layer, we collected XRMR magnetic field loops for different in-plane sample orientations and a fixed scattering vector q = 4π λ sin θ that corresponds to a maximum asymmetry ratio ∆I (λ is wavelength and θ is angle of incidence). Figure 1 (a) presents the XRMR asymmetry ratio ∆I for the Pt/Co 50 Fe 50 bilayer plotted against the scattering vector q. The effect changes sign when the magnetic field direction is reversed which confirms its magnetic origin. Figure 1 (b) depicts the experimental energy dependant x-ray absorption spectrum (XAS, green line) at the Pt L 3 edge normalized to the edge jump, after the subtraction of a linear background. The XMCD intensity (I + − I − )/2 is also displayed in the figure and was extracted to identify the energy with the largest dichroism. The magnetic dichroism of the spin polarized Pt has its maximum slightly below the absorption maximum (dashed line) which is in agreement with previous findings [23, 24, 26, 29] and, thus, the chosen energy to collect the XRMR data was at 11565 eV. In a second step, we kept the structural parameters fixed for fitting the averaged resonant (11565 eV) XRR curves following the description of Klewe et al. [26] , thus, obtaining the resonant β and δ values. When fitting the XRMR asymmetry ratios the structural parameters from the off-resonant XRR fit and the optical values from the resonant XRR fit have been kept fixed and just the ∆β depth profile has been varied.
The derived XRMR asymmetry ratios ∆I(q) are illustrated in Figs. 2(f)-(j), plotted together with the corresponding fittings. In all cases, pronounced oscillations are visible with an amplitude of about 2% comparable to our prior studies [6, 23, 24, 26] and additional maxima that can reach up to 4%, unveiling an induced spin polarization in Pt.
Figures 2(k)-(o) display the magnetooptic depth profiles of ∆β, which were used to fit the XRMR asymmetry ratios in Figs. 2(f)-(j). The magnetooptic profiles were generated by a Gaussian function at the Pt/Co 1-x Fe x interface, convoluted with the roughness profile of the corresponding layer [26] . For all magnetooptic profiles, we extracted the full width at half maximum (FWHM) which represents the effective thickness of the spin polarized Pt layer at the Pt/Co 1-x Fe x interface. This effective spin polarized Pt thickness is between 1.2 nm and 1.3 nm for all samples, as indicated in Figs. 2(k)-(o) . By comparing the experimental fit values of ∆β with the ab initio calculations of Ref. [23] , we extracted the magnetic moment per spin polarized Pt atom at the maximum of the magnetooptic profile, as summarized in Table I of the Supplemental Materials [28] (Chap. II) for all FMM compositions. Figure 3 (a) presents the Pt magnetic moment for all samples (blue points), plotted against the Fe content x together with the magnetic moment values of the Co 1-x Fe x alloys (orange data), taken from Ref. [30] . The error bars are estimated by changing the β values until the goodness of fit value χ 2 increases up to 20 %. In our prior studies [6, 23, 24, 26] we just roughly estimated the uncertainty, therefore, the previous error values have been slightly larger. The inset depicts a close-up plot of the graph. As visible, the magnetic moments in Pt clearly exhibit a similar progress as the magnetic moments in the Co 1-x Fe x alloys, which follow the Slater-Pauling curve [31] . Both Pt and FMM moments increase with increasing x, peaking at a certain content ratio which is the Co 28 Fe 72 alloy for the literature values and the Pt/Co 33 Fe 67 bilayer for our experimental data. For further increase of Fe content, both Pt and FMM moments decrease. Consequently, we conclude that the strength of the magnetic coupling between the two layers depends on the magnitude of the magnetic moment in the FMM, as indicated by Klewe et al. for Pt/Ni 1-x Fe x bilayers [26] and by Poulopoulos et al. [13] for Ni/Pt multilayers. This is valid as long as Pt is deposited on FMMs. If Pt is grown on magnetic semiconductors or insulators, the dependence of Pt moment on FM moment can be different or nonexistent due to a vanishing MPE [6, 17-20, 23, 24] . . The orange data is taken from Ref. [30] displaying the magnetic moment per atom as derived from magnetization measurements for Co1-xFex alloys. The inset depicts a close-up plot emphasizing the maximum experimental Pt magnetic moment in Pt/Co33Fe67. The data of Pt/Fe is taken from Ref. [23] . (b) Pt magnetic moment plotted against the FMM magnetic moment for both Pt/Co1-xFex (green points) and Pt/Ni1-xFex (red points, taken from Refs. [23, 26] ) bilayers, respectively. The green (red) dashed line is a linear fit to the data with a slope equal to 0.33 ± 0.02 (0.29 ± 0.03), for the Pt/Co1-xFex (Pt/Ni1-xFex) bilayers. In both graphs, the squares, triangles, and circles correspond to FMMs with bcc, fcc, and hcp crystal structure, respectively.
as the distance to the Stoner criterion. The systematic behaviour for Pt on top of other classes of materials (such as semiconductors or slightly oxygen-reduced ferrites [6] ) or for other NM materials (such as Pd) on FMMs, will be part of future work.
As a next step, we investigated the magnetic anisotropy of Fe and Co 50 Fe 50 samples by performing MOKE rotational measurements with different in-plane crystal orientation directions (0 Fig. 4(a) ), the MOKE measurements reveal magnetic easy axes along the Fe<100> directions, which correspond to the MgO<110> directions (α = 45
• ) with high remanence values and magnetic hard axes along the the Fe<110> directions corresponding to the MgO<100> directions (α = 0
• , 90
• , 180
• , 270 • ) with low remanence values [32, 33] . On the other hand, for the Co 50 Fe 50 sample (cf. Fig.  4(b) ) the four-fold magnetic anisotropy is 45
• rotated compared to Fe. Therefore, the magnetic easy axes for the Co 50 Fe 50 sample are aligned along the CoFe<110> directions which are the MgO<100> directions with high remanence values, whereas the magnetic hard axes are aligned along the CoFe<100> directions corresponding to the MgO<110> directions with low remanence values [34, 35] .
In Figs. 4(c) and (d) two normalized XRMR field loops for Pt/Fe and Pt/Co 50 Fe 50 samples are illustrated for α = 0
• and 45 • , respectively. For the Pt/Fe bilayer (Fig.  4(c) ), the spin polarized Pt layer showed the magnetic easy axis for α = 45
• (green curve) and the magnetic hard axis for α = 0
• (purple curve), which is consistent with the results extracted from the previously analyzed MOKE measurements of the pure Fe layer. In addition, for the Pt/Co 50 Fe 50 sample (Fig. 4(d) ) the magnetic easy axis appeared for α = 0
• (purple curve) and the magnetic hard axis was found at α = 45
• (green curve), which also coincides with the MOKE results of the pure Co 50 Fe 50 film. Moreover, the extracted square-ness values from the XRMR field loops for the Pt/Fe and Pt/Co 50 Fe 50 samples are included in Figs. 4(a) and (b In conclusion, we investigated the dependence of the MPE of Pt on the magnetic moment and anisotropy of different FMMs below, performing XRMR and MOKE measurements. We fabricated Pt/Co 1-x Fe x bilayers by dc magnetron sputter deposition on top of (001)-oriented MgO substrates. The XRMR asymmetry ratios were quantitatively analyzed and the largest spin polarization was found in Pt/Co 33 Fe 67 with a magnetic moment equal to m Pt = (0.72 ± 0.03) µ B per spin polarized Pt atom. We also found that the magnetic moment in Pt follows the Slater-Pauling curve of magnetic moments in Co 1-x Fe x alloys. In addition, the Pt moment is increasing linearly with the FMM moment and the slope of this linear dependence is quite similar when we compare the Pt/Ni 1-x Fe x and Pt/Co 1-x Fe x bilayers. Furthermore, we examined the correlation between the magnetic anisotropy in the FMM layers (Fe and Co 50 Fe 50 extracted via MOKE measurements) and the magnetic anisotropy of the spin polarized Pt layer (extracted via magnetic reflectivity measurements at the Pt L 3 absorption edge) of the Pt/Fe and Pt/Co 50 Fe 50 bilayers. The magnetic anisotropy of the spin polarized Pt layer reflects the magnetic anisotropy of the FMM in the corresponding alloy. Thus, we can conclude, that the Pt nicely follows the FMM magnetization strength and orientation. For Pt on FMIs this is still an open question beside the general question of MPE in Pt/FMIs and will be explored in future research. Moreover, additional research should be conducted in such bilayer systems to create a full FM moment and conductivity mapping of the MPE in various NMs, to further elucidate the details of the MPE mechanism.
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